In the recent years, with the increase in bioethanol production, the increasing amounts of distillery wastewater are generated. Such wastewater (stillage) 
INTRODUCTION
The importance of wastewater treatment in the food and beverage industry is growing in the recent years due to the environmental protection, increasing price of water and restricted amounts of water suitable for direct use. Distillery wastewater (stillage, spentwash) is one of the most polluted waste streams because of its high organic load and content of a large amount of suspended solids. Low pH value, high values of chemical oxygen demand (COD), biological oxygen demand (BOD), as well as the presence of coloured compounds and heavy metals, are hazardous for the environment. Discharge of such polluted wastewater into the environment may result in eutrophication of natural waters, endangering aquatic organisms. Also, the disposal of distillery wastewater on land can affect the vegetation and groundwater quality.
Typical characteristics of distillery spentwash are given in Table 1 . Composition of the stillage depends on the feedstock that was used for ethanol production process. The feedstocks used in distilleries can be classified into three groups: sugar-based, starch-based and lignocellulosic raw materials. Comparative characteristics of different stillages are shown in Table 2 . Characterization of distillery wastewater is very important in order to find the most suitable technique for its purification and reduction of its harmful effect on the environment.
Distilleries all over the world are generating large amounts of wastewater, so it is not surprising that the utilization and purification of such wastewaters raises serious problems. For this reason, many chemical, biological and physical techniques for treatment of these wastewaters have been developed and explored (centrifugation, evaporation, coagulation, tickening, aerobic and anaerobic biodegradation, adsorption, etc.). Most of these techniques require the use of large amounts of energy and chemicals. Also, it is hard to meet the environmental standards (4,5) using the aforementioned methods. In the recent years, membrane separation processes are increasingly used for treating wastewaters, offering a possibility to meet the environmental standards, to reuse wastewater, and to recover valuable matter that it containes. The most commonly used membrane techniques for wastewater treatment are: microfiltration (MF), ultrafiltration (UF), nanofiltration (NF), and reverse osmosis (RO) (6, 7, 8, 9, 10) . The aim of this work was to evaluate the chemical composition of the permeate and retentate obtained after "dead-end" ultrafiltration, in order to examine their composition and possibilities for further application or processing.
EXPERIMENTAL Material
The experiments were performed using distillery stillage from the ethanol factory Reachem, Srbobran (Serbia), where it was obtained from starch feedstocks. After bringing from the factory, the stillage was poured into bottles of 1.5 L and kept in the freezer.
Ultrafiltration experiment
Ultrafiltration of distillery wastewater was carried out in a Millipore Stirred Ultrafiltration Cell Model 8200 ( Figure 1 ) with maximum vessel volume of 0.2 L. The ultrafiltration conditions were as follows: pressure of the inert gas 4 bar, stirring agility 100 rpm, and volume of wastewater that was filtered 80 ml. The ultrafiltration was carried out in the following way: 80 ml of wastewater was filtered through a polyethersulfone membrane with the molecular weight cut-off (MWCO) 30000 Da; the permeate was drained away from the system, collected and analyzed. The filtration was stopped when the flow rate decreased significantly. The volume of permeate was 45 mL, and the stillage was concentrated to a volume concentration factor (VCF) of 1.88. The retentate obtained after the ultrafiltration was also analyzed. The experiments were carried out at room temperature (25 o C). 
Analytical methods
Samples of raw stillage, permeate and retentate, obtained after the ultrafiltration of distillery stillage, were analyzed for dry matter, ash, organic dry matter, suspended solids, BOD and COD using Standard Methods (11) . Dry matter content was determined by gravimetric method by drying the sample at 103-105 o C. Suspended solids were determined by centrifugation at 3000 rpm during 10 minutes (centrifuge MLW T52.1); supernatant was poured off and the residue was determined by gravimetric method, by drying at 103-105 o C. The COD was determined by dichromate reflux method, whereas the BOD was measured using a VELP SCIENTIFICA BOD system according to the manufacturer manual. Total nitrogen was determined by the Kjeldahl method (12) .
RESULTS AND DISCUSSION
Distillery stillage was analyzed immediately after its bringing from the factory. The results of the analyses of stillage, permeate and retentate are presented in Table 3 . As can be seen from the presented results, the analyzed stillage had high values of COD and BOD (102000 and 89000 mg/L, respectively). The dry matter and the total nitrogen content were also high. About 29% of dry matter was in the form of suspended solids. By comparing the results obtained in this work with those presented in Table 1 it can be seen that the analyzed stillage is highly polluted. Further, the distillery stilage was passed through the ultrafiltration membrane with MWCO of 30000 Da. The permeate and retentate obtained after the filtration were also analyzed ( Table 3) . As can be seen from the presented results, the values of COD, BOD, dry matter and total nitrogen decreased compared to the initial values of distillery stillage -the removal efficiency of COD and BOD was 38.3% and 49.3%, respectively. The dry matter was lower by about 50%, and the total nitrogen by 66.5%. The suspended solids were completely removed from the stillage. Similar results were presented after the cross-flow microfiltration of distillery (13) . The removal efficiency was slightly lower with the use of microfiltration, but on the other hand, the membranes for microfiltration are less prone to soiling and filtration time is shorter in comparison with ultrafiltration. With the use of ultrafiltration, the content of pollutants in the distillery wastewater was significantly reduced, so the permeate could be reused in the distilleries for pretreatment of raw materials or as a dilution water for the fermentation step. However, this requires further study to determine if the recycling of the permeate stream affects ethanol yield. Pejin et al. (14) investigated the possibility for recycling of thin stillage in the mashing process. In the sample without adding of thin stillage, the ethanol yield was 97.96%, while the addition of stillage increased ethanol yield more than 100% compared to the theoretical yield. The recycling or reuse of wastewater may help to limit its environmental impact and reduce the water consumption. Also, the permeate obtained in this way can be further processed anaerobically. Due to the fact that the analyzed permeate does not contain suspended solids, the time needed for anaerobic digestion can be shorter and a smaller amount of digester can be used, which reduces costs of the process. Besides, the obtained permeate can be used for cultivation of different microorganisms, mainly molds. The absence of suspended solids can be an advantage when preparing the growing medium.
The retentate stream obtained after the ultrafiltration of the distillery stillage had higher dry matter content, COD and BOD values, and total nitrogen content compared to the values of stillage (Table 3 ). The COD and BOD values were very high (119872 and 108450 mgO 2 /L, respectively). The total nitrogen content was higher by about 50% compared to the initial value in stilage. Also, the retentate stream contained a large amount of suspended solids. Changes of some parameters in the permeate and retentate obtained after the ultrafiltration are presented in Figure 2 . The composition of the retentates may be different, mainly due to the size of the membrane that was used for the filtration process. The retentates contain large amounts of organic matter and suspended solids, as well as colloidal particles larger than pores of the used membrane. These retentates can be used in different ways. What is important is that with the use of ultrafiltration the volume of distillery stillage decreased significantly, which reduces the costs of its further treatment. Generally, all methods for retentate processing can be classified into the following categories: reuse, further treatment, incineration, landfilling, and direct or indirect discharge into surface water and groundwater (15) . However, the most suitable methods for retentate treatment is the anaerobical degradation for biogas production and its use as a substrate for cultivation of some microorganisms. The retentate obtained after ultrafiltration (Table 3) had a large amount of organic matter, which makes it a suitable substrate for biogas production. Also, it can be used as an animal feed additive or as a fertilizer, which needs additional analyses, in terms of the nutritional and mineral composition. The drying of such retentate results in a valuable product that can be stored for a longer period and used as an animal feed.
Ultrafiltration membranes are effective in removing suspended solids and larger molecules from the wastewater streams, but they are not tight enough to remove sufficiently low-molecular COD, to meet strict effluent discharge standards. However, the combination of ultrafiltration and reverse osmosis can achieve excellent results, with the removal efficiencies of COD, BOD, nitrogen and total dissolved solids of more than 90% (8, 16) .
CONCLUSION
Based on the presented results it can be concluded that the ultrafiltration process was effective in reducing the content of the pollutants in the distillery stillage. The removal efficiency of COD, BOD, dry matter and total nitrogen was 38.3%, 49.3%, 50% and 66.5%, respectively. The ultrafiltration membrane showed the best performance in the separation of suspended solids with the rejection efficiency of 100%. The results of the analyses of retentate showed that the values of COD, BOD, dry matter and total nitrogen were increased compared to the initial values in the stillage. The composition of the permeate and retentate obtained after the ultrafiltration process, points to the possibility of their further utilization such as: biogas production, cultivation of some microorganisms, animal feed, fertilizer, etc. The application of membrane processes for purification of distillery stillage and recycling of valuable matter from stillage as well as the utilisation of retentate and permeate are crucial from an economic standpoint. Hence, it can be concluded that stillage purification and utilisation remain a considerable challenge for distilleries all over the world.
